Abstract: Alzheimer's disease (AD) is an age-related neurodegenerative disease distinguished by progressive memory loss and cognitive decline. It is accompanied by classical neuropathological changes, including cerebral deposits of amyloid-beta peptide (A ) containing senile plaques, neurofibrillary tangles (NFTs) of phosphorylated tau (p-tau), and clusters of activated glial cells. Postmortem studies strongly support a critical role for neuroinflammation in the pathogenesis of AD, with activated microglia and reactive astrocytes surrounding senile plaques and NFTs. These are accompanied by an elevated expression of inflammatory mediators that further drives A and p-tau generation. Although epidemiological and experimental studies suggested that long-term use of non-steroidal anti-inflammatory drugs (NSAIDs) may lessen AD risk by mitigating inflammatory responses, primary NSAID treatment trials of AD have not proved successful. Elevated systemic butyrylcholinesterase (BuChE) levels have been considered a marker of low-grade systemic inflammation, and BuChE levels are reported elevated in AD brain. Recent research indicates that selective brain inhibition of BuChE elevates acetylcholine (ACh) and augments cognition in rodents free of the characteristic undesirable actions of acetylcholinesterase-inhibitors (AChE-Is). Hence, centrally active BuChE-selective-inhibitors, cymserine analogs, have been developed to test the hypothesis that BuChE-Is would be efficacious and better tolerated than AChE-Is in AD. The focus of the current study was to undertake an in-silico evaluation of an agent to assess its potential to halt the self-propagating interaction between inflammation, A and p-tau generation. Molecular docking studies were performed between the novel BuChE-I, N1-p-fluorobenzyl-cymserine (FBC) and inflammatory targets to evaluate the potential of FBC as an inhibitor of p38, JNK kinases and TNF-with respect to putative binding free energy and IC50 values. Our in-silico studies support the ability of FBC to bind these targets in a manner supportive of anti-inflammatory action that is subject to molecular dynamics and physiochemical studies for auxiliary confirmation.
INTRODUCTION
Inflammation is a regular and imperative response to physiological challenge by harmful stimuli, such as contagious agents, antigen-antibody reactions, thermal, chemical, physical agents, and ischemia [1] . In response to atypical invasion, the activation of different intracellular signaling mechanisms may be a retort of cells to such an incursion [1, 2] . Inflammation occurs as a result of activation of cellular elements and the presence of various biochemical mediators that have been reviewed [2] . For an acute inflammatory reaction against all invading microorganism, human neutrophils, being the major cellular component, constitute the first defense barrier [3] [4] [5] . Human neutrophils show a rapid response to changing chemotactic factors and cytokines [6] [7] [8] [9] . Neutrophil activation initially involves intracellular mechanistic processes that increase and induce the sudden stimulation of protein phosphorylation, which has key roles in the regulation of many neutrophil functions (9) (10) (11) (12) (13) (14) (15) and of other cell types. Inflammation within the brain -neuroinflammation -is an invariable feature that accompanies most, if not all, neurodegenerative and cerebrovascular disorders and, as reported for the leading cause of dementia in the elderly, Alzheimer's disease (AD), exacerbates the pathogenesis. As detailed in reviews by Cuello [16] and Selkoe [17] , the classical pathological features present at the time of AD clinical diagnosis are intracellular neurofibrillary tangles (NFTs) of paired filaments of abnormally phosphorylated tau protein (p-tau) along with cerebrovascular and extracellular deposits of amyloid plaques comprised of aggregated amyloid-beta peptide (A ). Postmortem studies strongly endorse a fundamental role for neuroinflammation in AD, with the presence of activated microglia and reactive astrocytes surrounding amyloid deposits and NFTs accompanied by an elevated expression of proinflammatory mediators [18] . Furthermore, elevation in proinflammatory cytokines have been associated with presymptomatic and promordal AD stages that together may last a decade or more prior to the onset of dementia [19] . Epidemiological, observational as well as preclinical studies support the concept that long-term use of nonsteroidal anti-inflammatory drugs (NSAIDs) [20] [21] [22] [23] and other experimental agents [24, 25] may potentially reduce AD risk by inhibiting inflammatory responses. However, no such association has been found with exposure to NSAIDs shortly before onset of dementia [23, [26] [27] [28] . Indeed, results have been disappointing, as NSAID trials in patients with established dementia or milder cognitive symptoms have shown no mitigation of symptom progression [23, [26] [27] [28] . Albeit those asymptomatic subjects treated with antiinflammatory agents may experience a reduced AD incidence [23] .
Pathophysiological studies of AD subjects and animal models indicate the presence of chemical mediators, such as tumor necrotic factor-(TNF-), interleukins (IL-1, 6 and 8), together with mitogen activated protein kinases (MAP kinase), transcription factors and zinc dependent matrix metalloproteinases (MMP) [29] [30] [31] [32] [33] [34] [35] [36] [37] . MAP3 kinases, for example, play a vital role in regulating cellular functions and mediating intracellular signal transduction as well as extracellular stimuli responses [38] [39] [40] . In this regard, three discrete mammalian MAP kinases have been identified that are classified into (i) intracellular; the stress-activated protein kinases or c-Jun kinases that regulates stress-activated signal transduction (ii) extracellular signal-regulated kinases (ERKs or p44/42 MAP kinase), and (iii) p38 MAP kinase (a mammalian homologue of HOG1, also known as CSBP, RK, or mpk2), each of which possess apparently unique signaling pathways [29] [30] [31] [32] [33] . Many of these proteins have key functions in the progression of inflammation and the inhibition of such inflammatory mediators may potentially mitigate inflammatory disorders and, thereby, offer new targets for antiinflammatory drugs. [32] [33] [34] [35] [36] [37] .
In the present study we used N 1 -p-fluorobenzylcymserine (FBC) as a ligand for targets associated with inflammation. Our chosen targets included TNF-, MAP kinases, matrix metalloproteinase's (MMP), IL-1 and NFKB. FBC was originally synthesized on the pharmacophore of cymserine [41] as a butyrylcholinesterase (BuChE) ligand and inhibitor. Elevated levels of BuChE have been described in AD brain, particularly within the hippocampus, attributed to an increase in the prevalence of reactive astrocytes and microglia cells and to A plaques, to which this enzyme is localized [42] [43] [44] [45] [46] . In light of the lack of classical acetylcholinesterase (AChE) inhibitor-mediated adverse events following the use of a highly selective BuChE inhibitor [41] , within the current study, to potentially halt the selfpropagating interaction between inflammation, A and p-tau generation, molecular docking studies were performed between the BuChE inhibitor FBC and inflammatory targets. These studies were performed to evaluate the potential of FBC as an inhibitor of TNF-, NFKB, MMP, IL-1, p38 and JNK kinase with respect to putative binding free energy and IC 50 values.
MATERIALS AND METHODS

Receptor & Ligand Dataset
FBC was used as ligand in the current study. A dataset of anti-inflammatory targets was created that includes, NFKB, MMP, IL-1, TNF-and two Map kinases (p38 kinase & JNK kinase) as receptors. The molecular structure of FBC was drawn using Chemoffice [47] , later geometry optimization along with energy minimization was corrected by MO-PAC [48] using the RM1 semi-empirical method. The threedimensional (3D) structures of NFKB, MMP, IL-1, TNF-, p38 Kinase and c-JNK Kinase were available within the Protein Data Bank (PDB) [49] , and the structures that we used in our study included 6 receptors: i) 2O61 (NFKB), ii) 3O2X (MMP13), iii) 3O4O (IL-1) iv) 2AZ5 (TNF-), v) 1W84 (p38 kinase) vi) 3V6R (JNK kinase). Binding site residues that may be involved in inhibition were identified by checking the interactions of these receptors with inhibitor complexes reported within the PDB as a result of experimental studies. After performing docking experiments, these were viewed and analyzed by using Discovery Studio [50] .
Docking Studies
To evaluate whether FBC could act as a potential antiinflammatory drug, we performed docking studies of FBC interactions with the collected anti-inflammatory targets using Autodock 4.2 [51] . Each docking experiment consisted of 100 runs, yielding 100 docked conformations. The program AutoGrid was used to generate the grid maps. Each grid was centered at the structure of the corresponding receptor. The grid dimensions were 80 x 80 x 80 Å 3 with points separated by 0.375 Å. For all ligands, random starting positions, random orientations and torsions were used. The translation, quaternion and torsion steps were taken from default values in AutoDock. The Lamarckian genetic algorithm method was used for minimization using default parameters. Simulations were performed with a maximum of 2.5 million energy evaluations and a maximum of 27,000 generations. Parameters for the docking included: a population size of 150; a random starting position and conformation; a maximal mutation of 2Å in translation and 50 in rotations; an elitism of 1; a mutation rate of 0.02 and a crossover rate of 0.8; and finally a local search rate of 0.06.
RESULTS
Docking Results
FBC and the six receptors having PDB structures (2O61, 3O2X, 3O4O, 2AZ5, 1W84, and 3V6R) were subjected to molecular docking using Autodock 4.2 [51] . A careful analysis of dockings was undertaken using the binding site information residues that may be important for inhibition. After performing docking experiments, these were viewed and analyzed using Discovery Studio [50] . Amongst all the evaluated targets, the three receptors 2AZ5 (TNF-), 1W84 (p38 kinase) and 3V6R (JNK kinase) showed significant interactions with critical amino acids whereas no significant bindings were seen with 2O61(NFKB), 3O2X (MMP13) and 3O4O (IL-1). As we have focused on results of molecular dockings, so the receptors that showed significant bindings with critical amino acids were studied in more detail. Table 1 shows the binding residues for TNF-, p38 kinase and JNK kinase that may be involved in inhibition which can further be verified through experimental studies.
Computational calculations to determine the best inhibitory conformation, at a temperature of 298K, yielded that FBC has inhibitory effects when it interacts with TNF-, p38 Kinase and JNK Kinase with a putative binding free energy of -7.77, -7.83 and -7.84 kcal/mol, respectively, with the inhibition constants of 2.03, 1.82 and 1.78 M, respectively. The docked conformations were evaluated in detail and the best binding conformations were extracted. Details of different in-silico parameters recorded during FBC interactions with TNF-, p38 kinase JNK kinase, such as the energy profile value for an individual ligand and receptor interactions, are summarized in Table 2 . From Fig. (1) it can be inferred that FBC bound within a deep narrow groove available on all the three targets and that the respective binding sites provide a sufficiently adequate surface complementary for supporting good docking. In Fig (2a) , FBC is shown docked within the binding site of TNF-that involves a series of favorable interactions. In this regard, the FBC '-Oxygen-' atom is Hydrogen-bonded with Gly121 chain B of TNF-(Oxygen-2.2Å..HN, atomic distance; between oxygen and hydrogen atom), whereas hydrophobic interactions of FBC were found with the residues Leu55D, Leu120A, Leu120B, Tyr59A, Tyr119A, Tyr119B, Tyr151A and Gly121A. In the case of interaction with p38 kinase, FBC was assessed to have one hydrogen bond between the FBC '-Oxygen-' atom and the Gly110 of p38 kinase (Oxygen-2.2Å..HN, atomic distance; between oxygen and hydrogen atom ;) and other hydrophobic interactions were determined with the residues Met109, His107, Val158 and Glu81 Fig (2b) . Similarly, for the remaining chosen target, JNK kinase, strong interactions with FBC were determined to involve one hydrogen bond between residues Met149 and the FBC '-Hydrogen-' atom (-H..1.9Å..O,) and other hydrophobic interactions with the residues Val78, Leu206, Met176, Asn152 and Ser193 Fig  (2c) . The presence of the hydrogen bond and multiple hydrophobic interactions are important in holding the proposed inhibitor FBC within the binding sites of the chosen targets and making binding possible.
CONCLUSION
The most interactive residues between the target proteins (p38, JNK kinases and TNF-) and FBC proved to be hydrophobic ones present within the deep narrow groove occupying a main interacting core of the active site. Site specific inhibition of p38, JNK kinases and TNF-through important interacting residues (Tyrosine and Leucine; where 6 numbers of Tyr residues are interacting in FBC-TNF-complex and 1 in FBC-p38 Kinase complex; 4 numbers of Leu residues are interacting in FBC-TNF-complex, 2 numbers of residues in FBC-p38 Kinase complex and 1 in FBC-JNK kinase complex) by FBC may be useful if the surrounded residues are Binding site residues for i) TNF-, ii) p38 kinase and iii) As occupancy of interacting residues as; (Tyrosine and Leucine; where 6 no of Tyr residues are interacting in FBC-TNF-complex and 1 in FBC-p38 Kinase complex; 4 no of Leu residues are interacting in FBC-TNF-complex, 2 no. of residues in FBC-p38 Kinase complex and 1 in FBC-JNK kinase complex). This shows that Leu involvement in the interacting groove is important in all three different kinases. tagged by a phosphate group, which may result in cellular signal transduction after phosphorylation. As MAP kinases are involved in the cascade leading to inflammation, they play a key role in the progression of inflammation and inhibition of such inflammatory mediators may potentially mitigate inflammatory diseases; thereby offering new targets for anti-inflammatory drugs are worthy of experimental assessment.
DISCUSSION
Inflammation is a complex pathological condition associated with an exaggerated human immune system response involving a complex symphony of activated immune cells and bio-molecules. Treatment of inflammatory diseases, particularly chronic inflammatory diseases such as rheumatoid arthritis, inflammatory bowel disease [52, 53] , as well as neurodegenerative disorders that are invariably accompanied by neuroinflammation [54] [55] [56] , has become a huge challenge for both scientists and clinicians as there are few safe drugs available for effective long-term therapy. In treating inflammatory diseases, NSAIDs and selective COX-2 inhibitors have been conventionally the most extensively used drugs to date. However, their chronic use has been demonstrated to have highly adverse effects and the use of these inhibitors might even lead to fatalities, consequent to cardiovascular and thrombotic events [57] . As a consequence, attention is currently turning to support the design, synthesis and lead optimization of inhibitors for signal transduction and anticytokine drugs rather than to more conventional NSAIDS and COX proteins [1] .
There is hence a developing unmet need for ligands/ inhibitors that potentially bind to and interact with antiinflammatory targets without adverse effects. In this regard cymserine analogues, structurally related to physostigmine and phenserine [58, 59] , act as reversible cholinesterase inhibitors with a preference for BuChE [60, 61] , from which more BuChE-selective FBC was generated. Cymserine analogues have demonstrated the ability to augment cognitive performance in elderly healthy rodents [41] and those with A -induced learning deficits involving neuroinflammation [62] . BuChE is elevated in both AD brains [42, 62, 63] , where it co-localizes with the classical hallmarks of AD [43] [44] [45] [46] , as well as in low grade systemic inflammation that has been linked to the pathogenesis of insulin resistance, type 2 diabetes mellitus, hyperlipidemias, age-related macular degeneration and other conditions [64, 65] . In this study, we for the first time evaluated FBC as a direct potential antiinflammatory drug supported by in-silico studies. The three proteins, TNF-, p38 and MAP kinases, appear to be targets worth pursuing from our analysis of 6 proteins involved in inflammatory signaling cascades [66] [67] [68] [69] [70] . As the docking data portray, FBC exhibited interactions with critical amino acids that are potentially required for inhibition of these three key anti-inflammatory targets. On the basis of these experimental results and interaction data, we propose FBC as an interesting inhibitor for anti inflammatory targets p38, JNK kinases and TNF-with putative binding free energy values that ranged from -7.77 kcal/mol to -7.84 kcal/mol and inhibition constant values that ranged from 1.78 M to 2.03 M. These values appear to be potentially achievable in vivo, based on a structural analogue that has been developed into animals and humans [71] , and hence support further analyses of FBC in preclinical cellular and in vivo models.
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